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We have used genomic denaturing gradient gel elec- 
trophoresis (gDGGE) and PCR across a variable 
length triplet repeat element to map the mouse Nrl 
gene close to the T-cell receptor alpha/nucleoside 
phosphorylase/ribonuclease-1 cluster on mouse Chro- 
mosome (Chr) 14, consistent with its position on hu- 
man 14ql 1 (Yang-Feng and Swaroop 1992). This result 
was obtained with the BXD and AKXD recombinant 
inbred (RI) strains (Taylor 1990) and confirmed in a 
Mus. spretus backcross. 
We recently cloned a human cDNA for a retina- 
specific protein with a basic motif and sequences ho- 
mologous to leucine zippers and called it neural retina 
leucine zipper (NRL, D14S46E) (Swaroop et al. 1992). 
Isolation and sequence of the mouse cDNA and gene 
structure of the mouse homolog, Nrt, are described 
elsewhere (Farjo et al. 1993). In order to map Nrl to a 
mouse chromosome, we used three methods to detect 
polymorphisms: RFLPs,  variation in triplet repeat 
length, and gDGGE. Using ten different restriction en- 
zymes, we could not find any RFLP between strains 
AKR/J, C57L/J, C57BL/6J, and DBAJ2J. We therefore 
used gDGGE (Burmeister et al. 1991), a novel ap- 
proach that may be useful in finding polymorphisms. 
We also identified a short tandem repeat in the Nrl 
sequence and found it to be polymorphic. 
The sequence of the mouse Nrl cDNA, derived 
from the BALB/c strain, contains a microsatellite re- 
peat (AGG)19 in its 3' untranslated sequence (Farjo et 
al. 1993). PCR primers flanking this repeat were syn- 
thesized; primer 1: CATCGTGGCATGCTAGAGGT- 
TAG and pr imer  2: A G A T T C G G T G A A A A T G -  
CAGCTTC (nucleotide 996-1019 and 1337-1314 in 
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the mouse cDNA sequence). These primers amplify a 
fragment of 341 bp from BALB/c [with 250 txM NTPs, 
I0 pmol primers, and PEK buffer (Ponce and Micol 
1992), 0.5 Ixl Taq polymerase; 30 cycles of 15 s 94~ 
15 s 59~ 75 s 71~ To discriminate the different 
alleles, we cleaved the PCR product with AluI, result- 
ing in constant fragments of size 19, 76, and 111 bp and 
a variable fragment that is 134 bp in BALB/c. The 
fragments were separated by non-denaturing 15% 
polyacrylamide gel electrophoresis followed by ethid- 
ium bromide staining. Analysis of a variety of inbred 
mouse strains showed a length polymorphism consis- 
tent with variability in the repeat length. Whereas 129/ 
ReJ, C57BL/6J, C57L/2J, AKR/J, A/J, and C3H/HEJ 
all showed the same allele as BALB/c, we found a 
CASAJRk allele in which the variable AtuI fragment is 
about 170 bp, a SJL/L allele of about 152 bp, a M. 
spretus allele of 143 bp, and a MOLD/Rk allele of 128 
bp. Most importantly for RI strain mapping, the DBA/ 
2J allele is 3 bp larger than the common allele. 
In parallel, we also used gDGGE to find polymor- 
phisms between parental strains of recombinant inbred 
(RI) strains, gDGGE is a new approach that has been 
used successfully to find human DNA polymorphism 
(Burmeister et al. 1991; Gray 1992). It is estimated to 
detect about 50% of all point mutations (Burmeister et 
al. 1991). Briefly, 5 p~g of genomic DNA from the six 
RI mouse strain progenitors A/J, AKR/J, C3H, C57L/ 
J, C57BL/6J, and DBA/2J (obtained from The Jackson 
Laboratory, Bar Harbor, ME.) were each digested 
with the restriction enzymes AluI, Hinfl, HaeIII, and 
Sau3A. The resulting genomic DNA fragments were 
separated by polyacrylamide gel electrophoresis in the 
presence of a gradient of urea and formamide. Two 
different gradients, of 10-50% and 40-80% denaturant, 
were run as described (Burmeister et al. 1991) on com- 
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Fig. 1. Typing of  Nrl on DNA from BXD RI lines. (A) Nrl was 
amplified by PCR, and the product was digested with AluI, as de- 
scribed in the text. Fragments were separated on a 15% nondena- 
turing polyacrylamide gel and stained with ethidium bromide. (B) 
DNA was digested with HaeIII, separated on a 40-80% denaturant 
gDGGE, electroblotted to Hybond N plus (Amersham) nylon mem- 
brane, and hybridized with a 1.1-kb Nrl cDNA probe. The multiple 
bands can be explained by partial methylation of CpG sites in the 
fragment because the pattern differs when different tissue sources 
were used (Mortlock and Burmeister, unpubfished observation), and 
it is known that DGGE separates fragments that differ in methyl- 
ation status (Collins and Myers 1987). Numbers  above the lanes 
refer to BXD RI strains. The allele typing is indicated below the 
lanes. 
mercially available DGGE equipment (C.B.S. Scien- 
tific Company, Del Mar, Calif.). The fragments were 
then electroblotted (Gray 1992) to Hybond N plus 
(Amersham) nylon membranes. The filters were hy- 
bridized to a radioactively labeled unique probe, a 1.1- 
kb EcoRI fragment (nucleotide 0-1095) of the mouse 
Nrl cDNA close to but not containing the AGG repeat. 
The analysis of the hybridizing bands showed a melt- 
ing polymorphism between DBA/2J and the other 
strains tested when HaeIII-digested DNA was ana- 
lyzed. Because there is no HaeIII site between the 
AGG repeat and the probe and also the DBA allele 
runs more slowly in the gel, this is likely to be the same 
polymorphism as the one detected by PCR. 
To map Nrl, we typed the BXD and AKXD sets of 
RI strains with both detection methods (Fig. 1). The 
strain distribution patterns (SDPs) for both methods 
were identical. The SDP of BXD (Table 1) showed 0/26 
recombinants with the Tcra/Rib-1/Np-2 cluster (Dem- 
bic et al. 1985; Elliot et al. 1985; Taylor 1981) which is 
not separated in BXD RI strains (Nadeau and Cox 
1992). The distance between Nrl and this cluster is 
thus 0 -+ 1.3 cM (95% confidence interval). 
The SDP of the AKXD lines confirmed the linkage 
of Nrl to mouse Chr 14, with 5/23 recombinants to the 
closest linked marker, Mtv-ll (Table 1; Traina et al. 
1981; Lee and Eicher 1990), indicating a distance of 8.1 
+ 4.7 cM from Mtv-ll, and 6/23 recombinants or 10.7 
+ 6.2 cM from Nfl (Hearne et al. 1991). With the more 
proximal marker, Odc-ps9, 10/24 animals were recom- 
binant, indicating a distance of 27.8 -+ 17.9 cM, but 
this linkage is not significant because of the large dis- 
tance. Since two strains (number 7 and 15) showed two 
recombination events flanking Nrl, we retyped the 
AKXD strains a second time with Nrl, with the same 
result. The current consensus map suggests the order 
Odc-ps9-Mtv-ll-Tcra/Nrl-Nfl (Nadeau and Cox 
1992). 
Our data are more consistent with the order Odc- 
ps9-Tcra/Nrl-Mtv-ll-Nfl, because the consensus or- 
der gives five rather than two AKXD strains with two 
recombination events. Since the BXD data place Nrl 
near Tcra, our results are most consistent with a loca- 
tion of Mtv-ll approximately 15 cM distal to its cur- 
rent map position. This suggested new gene order is 
also consistent with the original typing of Mtv-ll in the 
BXD RI strains (Traina et al. 1981; Lee and Eicher 
1990). The SDP data for all markers in the BXD strains 
(Nadeau and Cox 1992) are consistent with placement 
Table 1. SDPs of Nrl and closest linked markers in RI lines. References for SDPs other than Nrl: (1) Taylor 1981; (2) Dembic et al. 1985; (3) Elliot et al. 1985; 
(4) Richards-Smith and Elliot 1992; (5) Traina et al. 1981; Lee and Eicher 1990; (6) Hearne et al. 1991. 
Locus BXD 
Ref. 1 2 5 6 8 9 11 12 13 14 15 16 18 19 20 21 22 23 24 25 27 28 29 30 31 32 
Np-2 1 B D B D D D D D B D D D D D B B B B B B B B D B D D 
Tcra, 2 
Rib-1 3 
Nrl B D B D D D D D B D D D D D B B B B B B B B D B D D 
Locus AKXD 
Ref. 1 2 3 6 7 8 9 10 11 12 13 14 15 16 17 18 20 21 22 23 24 25 26 27 28 
Odc-ps9 4 A D D D A D A A D D A A D A A A D A D D A A D D A 
X X X X X X X X X 
Nrl A D A D D D A D A D A A A A A A A D A D A D A D 
X X X X X 
Mtv-ll 5 D D A D A D A D A D A A D A D D A A A A D D A D 
x 
Nfl 6 D D A D A D A D A D A D A D A A A A D A A A D 
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of Mtv- l l  b e t w e e n  D14Mit5 and  D14Byu5, dis ta l  to  the  
c o n s e n s u s  pos i t i on .  
In  a d d i t i o n  to  t he  t w o  se ts  o f  R I  s t ra ins ,  21 b a c k -  
c r o s s  an ima l s  f r o m  a C57BL/6J  • M. spretus b a c k -  
c ros s  (Ba in  et  al.  1993) w e r e  t y p e d  fo r  Chr  14 m a r k e r  
D14Mit3 a n d  fo r  Nrl wi th  the  r e p e a t  l eng th  p o l y m o r -  
ph i sm.  W e  f o u n d  3/21 r e c o m b i n a n t  an ima l s ,  i nd ica t ing  
a d i s t a n c e  o f  14 -+ 7 cM.  Th i s  is c o n s i s t e n t  w i th  the  
r e p o r t e d  p o s i t i o n  o f  D14Mit3 a p p r o x i m a t e l y  10 c M  
p r o x i m a l  to  Np-2 (D ie t r i ch  et  al.  1992; N a d e a u  and  
C o x  1992). 
H u m a n  N R L  was  p r e v i o u s l y  m a p p e d  to h u m a n  Chr  
1 4 q l l  ( Y a n g - F e n g  a n d  S w a r o o p  1992). T h e  d a t a  p re -  
s e n t e d  he re  d e m o n s t r a t e  tha t  Nrl is l o c a t e d  on  m o u s e  
Chr  14 n e a r  Tcra a n d  Np-2. Nrl a p p e a r s  to  b e  p a r t  o f  
a p r e v i o u s l y  d e s c r i b e d  c o n s e r v e d  l inkage  g roup  tha t  
spans  a p p r o x i m a t e l y  3 c M  on  m o u s e  Chr  14 and  in- 
c l u d e s  s e v e n  a d d i t i o n a l  l oc i  o n  h u m a n  C h r  1 4 q l l  
( N a d e a u  and  C o x  1992). In  a d d i t i o n  to  Nrl, this  l inkage  
g roup  c o n s i s t s  o f  t he  genes  for  A n g i o g e n i n  (Ang; W e r -  
e m o w i c z  et  al.  1990), t he  c y t o t o x i c  T - l y m p h o c y t e  an-  
t igen-1 (Ctla-1; H a r p e r  et  al.  1988), the  adu l t  and  fe ta l  
fo rms  o f  c a r d i a c  m u s c l e  m y o s i n  h e a v y  cha in  (Myhc-a 
and  Myhc-b; S a e z  et  al.  1987), n u c l e o s i d e  p h o s p h 0 r y -  
l ase  (Np-1; F r a n c k e  et  al .  1976), and  the  T-ce l l  r e c e p -  
to r s  a and  b (Tcra and  Tcrd; C h i e n  et  al.  1987; Col l ins  
et  al.  1985; C r o c e  e t  al.  1985). 
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